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Introduction

Over the past four months, the American based mofitgNGO Breaking Ground has
engaged with the municipality’s office of Techni&adrvices, in cooperation with the district
office of the Ministry of Health and the University Dschang to identify outstanding issues
relating to impaired drinking water quality andéf§ect on public health. This report
represents the cumulative result of our findingsceoning the extent and health implications
of existing contamination and a proposal for thetaimable provision of universal access to
potable water for the population of greater urbachang.

0.1 Geographic context

The city of Dschang in the Dschang Arrondissemetteé seat of the Menoua Department
in the Western Province, Cameroon. The Dschammdissement with a territory of 330
square kilometers is comprised of five major chiédfe Foreké Dschang, Foto, Fongo
Ndeng, Fotetsa and Fossonwentcheng for a combénetbty of 330 square kilometers. The
population of the Dschang arrondissement is estichat 122,000 individugs A majority
of approximately 87,800 persons, representing 70#eopopulation, reside within 20% of
the territory: the 60 square kilometers compriddsghang's greater urban perimeter, in a
revealing example of Dschang’s increased urbamzgsee Table 1).

Year Urban Population Growth rate (%)
1987 35717 6.5
1990 40 700 5.2
1995 50 598 5.2
2000 62 904 4.7
2005 78 202 4.7
2010 97 221 4.7

Table 1: Evolution of the population of greater uban Dschang(based on data furnished layDirection
de la Statistique et de la Comptabilité NationmdNovember, 1999)

Dschang is situated in a humid climate with avergeual rainfall of 120 to 180 cih,
providing an abundance of available water in thenfof surface and ground water
reservoirs, suggesting that water supply availgtsihould not be at issue for this population.
In reality, though presented with ample water resesithe people of Dschang are facing
pressing needs in terms of inadequate and insefficiccess tpotablewater supplies with a
corresponding health crisis in the elevated inatéenf water borne disease.

! Administrative boundaries are according to thésiems of 2008, with the incorporation of Fongo §oras a
separate arrondissement.

2 population statistics are based on data furniblyed Direction de la Statistique et de la Comptalilit
Nationaleadjusted for growth by the District office of thénistry of Health.

3 Guemuh, G.N. (2003Ruality of domestic water supply and effectiverésome locally used treatment
methodsMasters Thesis submitted to the Department ofcifural Engineering, University of Dschang.
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Figure 1: Geopolitical localization of the city ofDschang

0.2 Political Organization

The government of Dschang is partitioned betweeioma, municipal and traditional
bodies. The national representatives at Dschasigda the Prefect of the Menoua
department and Sub-Prefect of the Dschang arrrsaugient. Department and
arrondissement representatives of the various maltiministries are also present at Dschang.
While these national figures, appointed by predidédecree, are active in roles of



supervision, the practical administration of loggltters is primarily overseen by the
democratically elected office of the mayor andghbordinate municipal offices of technical
services, hygiene and public health, and urbanfptation. The jurisdiction of the mayor’s
office extends across all of the five chefferiempoising the Commune of Dschang.

The mayors office is most directly responsibletfa@ financing of public works projects as
well as cultural and community development. Areiflto the role of the national and
municipal bodies is the traditional, chefferie gysf a system most active outside of the more
urbanized chefferies of Foto and Foreké. A heaggithief €he) resides at the head of each
of the five chefferies. The chiefs receive a naicstipend (in addition to profits from royal
holdings and undocumented contributions), whickpisnt according to their discretion. In
this way the investment by the chefferies in putbarks is highly variable. The traditional
chefferie system extends on a more informal basikd level of neighborhoods quartiers
with eachquartier having its own traditional leadechef du quartier)
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Figure 2: Neighborhood @uartier) boundaries and residential zonegadapted from Dschang-ERA study)



0.3 Social context

The urban population of Dschang includes an itimestudent population of 12,000 in
addition to approximately 9,000 households wittagerage of 8 inhabitants per household.
Communities are divided along 40 loosely definedmgorhoodslés quartier$, which can
in turn be grouped into three economic tiers bawedarily on income, while the average
income of a Dschang household ranges between 2&@0@0,000 cfa per month ($50-80;
€39-62.50). The educational level of householdlbés summarized in

Table 2, while Table 3 depicts the distributiorhofisehold income.

Education level of Households %
household heads responding
No formal schooling 3 1,35
Primary/elementary 54 24,43
Secondary/high school 112 50,67
Collegiate/professional 52 23,52
Total 221 100

Table 2: Distribution of household heads accordingo their level of education(Data provided by the city
of Dschang — ERA joint study)

Monthly income of Households
household heads (cfa) reporting %
0 - 50 000 53 31.73
50 000 — 100 000 55 32.93
100 000 - 200 000 51 30.53
> 200 000 8 4.79
Total 100

Table 3: Distribution of monthly income (cfa/month)for household headgData provided by the city of
Dschang — ERA joint study)

Population densification within the urban zone Wwasked in concert with insufficient
community organization and educational gaps comegrsanitation and waste management
to permit extensive contamination of public drirknvater reservoirs. In addition, a lack of
sensitization regarding the water quality critersd to designate a drinking water source as
potable and the necessity of treating drinking watgplies in the home have resulted in the
increased ingestion of contaminated water by thrula@e under circumstances where such
waters could effectively and economically be reeddit for human consumption.

0.4 Addressing water needs

Since 2003 the municipal government of Dschangoleas devoting considerable resources
towards the development of the water supply andevasnagement infrastructure at
Dschang in partnership with a variety of domestid oreign non-profits. This municipal
initiative has endured through two administratiansl two generations of diagnostic study
and constructive innovation spearhead by the Caon@n nongovernmental organization
(NGO) Environment Research Action (ERA) in 2003] arcollaboration dfAssociation
Internationale des Mairies Francopho&IMF) and the city of Nantes, France in 2005.



The recent most generation of municipal developrirentban Dschang’s public water
supply sector has been primarily concerned withettggansion of the capacity to deliver
adequateuantitiesof water to a needy population, while the issueaferquality has been
largely left for the individual to address. Howegwvexisting data on trends in public water use
and perceptions of water quality reveal a distreggilow prevalence of home-based
treatment by the individual. In addition, whereatment solutions are employed by the
individual, the elevated level of contaminatiorthie original public water supply often
surpasses the effective capacity of the treatmgtimres available.

0.5 Document structure

Chapter 1 of this report presents a review of @agrs existing drinking water supply as
well as an analysis of the extent of contaminasiod consequent health effects. In addition,
the issues of poor public perception and inadedoatd capacity for sustainable
management of water supply infrastructure are thtced as the primary obstacles impeding
the effective redress of Dschang’s water-relatéitdlties.

In Chapter 2 a set of solutions are proposed agid hlealth effect evaluated. The strategy
is based on the expanded use of slow sand fikéintdogy for the remediation of impaired
drinking water quality, the exploitation of Dsch&ngystem of primary education towards
the sensitization of the population on pertinesties regarding water quality and health, and
the utilization and reinforcement of an emergintyoek of local management bodies for the
sustainable management and upkeep of public watewaste services.

Chapter 3 details multiple variations on a progdnmplementation and surveillance,
towards the amelioration of Dschang’s water relgglic health burden, including specific
contributions from any and all vested actors.



Chapter 1

Part |: Existing water resources

Figure 3: Map of drinking water access points

1.1 Supply

Regarding water sources that could be used fokidigrsupply in the region of greater
urban Dschang there are over 3,0rete access points public and private plustiahadil
sources such as bottled, river and rain water.aralysis of the potability of available
drinking water has been synthesized from a bodyvef 200 microbial analyses describing
98 drinking water access points collected by faffecent studie$over the past six years.

4 Analyses were collected as part of this study@dbined with results published in the followingiszes:
Da Costa, A. (2004)’approvisionnement en eau potable des populatdmk ville de Dschangviasters

Thesis submitted to the Department of Geographyedsity of Bordeaux IlI.

Guemuh, G.N. (2003)uality of domestic water supply and effectivermésome locally used treatment

methodsMasters Thesis submitted to the Department ofcifural Engineering, University of Dschang.



1.1.2 Resource categories

These sources can be divided into nine distineigmates: unmanaged springs, treated tap
water, managed springs, public wells, private wdltgtled water, rainwater, untreated tap
water, and surface water.

Public wellsinclude cased and uncased hand dug wielsguit3 as well as boreholes/tube
wells (es forageysupplying populations in excess of 3 househagpioximately 24
persons), and may be equipped with hand pumpsaikebgystems for drawing water.

Private wellsare primarily hand dug and rarely cased, and maygh drinking water for
up to three households.

Managed springss a category that comprises all constructed gtouater capture
systems, many of which incorporate slow sand fitraand piped delivery to public stand
posts [es bonnes fountaihs

Unmanaged springmclude natural flowing springs and small hillseteeam banks which
may or may not have modest improvements such asrtechdischarge points and outlet

pipes.
The surface watercategory includes larger rivers and streams.

Treated tap wateis defined as pipe borne water furnishing indialdsubscribers that has
been subjected to physical and chemical treatmecepses including flocculation, filtration
and chlorination.

Untreated tap waterefers to untreated pipe borne water furnishimvidual subscribers.

1.1.3 Active suppliers

The water resources available to Dschang resideysnd the naturally available (meaning
unmanaged springs, rain and surface water) ardisdgyy a combination of public and
private endeavors. THgocieté Nationale des Eaux Camerouf@NEC), the city of
Dschang, and the cooperative enterpris@mmupe d'Initiative Commun@&IC) des Foreurs
Polyvalents de la Menou@OPOME) and the Danish built but locally mana§&zAN
Water network are the primary actors supplying weteopulations beyond the household
level

1.1.3.1 SNEC

A traditional network of piped, chlorinated dringimvater supplying approximately 2,300
subscribers is maintained by the newly privatizBliES Corporation. Water is drawn from

Ndounla, J. (2007Taracteristiques biologiques et physico-chimique$eau de consommation et
influence du mode d’approvisionnement sur la sdetepopulations a Dschand/lasters Thesis submitted to
the Department of Animal Biology, University of D&mng.
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two local rivers and submitted to a rigorous treattrprocess before being sent out to
subscribers along a network of cast iron pipesthWach subscriber providing drinking
water to an estimated 10 individuals, the totalytajon served is estimated at 23,000 (see

Table 8). Access to the SNEC distribution systeimiited to the central most urban areas
by the extent of the distribution network, but appmately 50,000 individuals are estimated
as living within 500 meter of the network (Figure 4

— National N

— Improved

— Primary local
Local undeveloped

I Water

— SNEC

Figure 4: Extent of the SNEC piped distribution néwork (adapted from the Dschang-ERA study and Da
Costa, 2004)

The water distributed by SNEC originates from twparate pumping and treatment
stations drawing water from two separate riveree Toula pumping station draws water
from the Mbindoung River. This raw river water engoes treatment amounting to a contact
time (CT) of 5,000 mg Chlorine per liter per mingsee Table 4) before being delivered to
the distribution network at an average rate of £par hour. The Toulepé treatment station
captures water from the Lepé River, which is thamsitted to a CT of 55 mg Chlorine per
liter per minute and discharged at a rate of 24et hour. While the Toulepé treatment
appears less adequate, the treated water comhities distribution network with water

11



originating at Toula producing a residual Chlorgomacentration of 0.3 mg per | as
recommended by the World Health Organization (WHO)

Contact Time (o7
0.28 E. Coli ®
3.3 Heterotrophic bacteria ®
14 Giardia cysts ”

Table 4: Chlorine contact times for 99% (log 1) reroval at 25°C and pH 7(®from LeChevallier and Au,
2004:;° from Clasen and Haller, 2008)

1.1.3.2 Private piped networks

A network of untreated drinking water originatirrgrh privately operated tube wells is
piped by the GIC FOPOME to approximately 78 hous#hand a public high school, the
Lyceé Technique

The SCAN water network is a moderately functionatrtbution network built in 1983 by a
cooperative effort between Denmark and Camerodre network was abandoned in 1988
but refurbished in 1996. The network is currestynprised of 124 subscribers with 76
functioning branches. These are divided amongstarincipal zonesZone 1(Tsimbing and
Toulaquartierg with 66 subscribed, 36 functioning distributioniqts; andZone 2(Keleng
and Yangenguartierg with 58 subscribers and 40 functioning outlets.

While the original SCAN water distribution systentorporated at simple system of
physical and chemical treatment, the current sthtksrepair has left the treatment process
neglected.

1.1.3.3 Dschang Municipality

The city of Dschang is responsible for the recemistruction or refurbishment of 55
drinking water access points (a combination of pubklls and managed springs), 36 of
which reside within the greater urban perimetene Various projects and their associated
access points are summarized in

Table 5.

® Bartram, J.; J. Cotruvo, M. Exner, C. Fricker, @dslasmacher, eds. Heterotrophic Plate Counts and
Drinking-water SafetyThe Significance of HPCs for Water Quality and Harkealth.(2003).World Health
Organization, London. Chapter 11.
® Calsen, T. F. and L. Haller (2008)Vater quality interventions to prevent diarrh&ost and cost-
effectivenes3aVorld Health Organization, Public health and ¢éheironment: Geneva

LeChevallier , M. W. and K. Au (200%yater treatment and pathogen contm®tocess efficiency in
achieving safe drinking watetWorld Health Organization, IWA: London.
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Public tube wells Source name/location Access point S
Fotetsa® 1
Ndenkop-planned construction®
Aza'a

Banki®

Keuli-planned construction®

Keleng
Signal

RPlRk k(R

Public hand dug wells

Siteu

Tsinkop

Haoussa-under construction
Melang

Femla (aka Zebda)

Fiankop

N I

Managed sources
with filtration | Atchouazong

Keleng

Busy Home

Ngui

Tchouale

Fongo Ndeng®

Fossonwentcheng®

without filtration | Valeé

Lefock

Madagascar

W0 |w (o |N

=
=

N[ [ININ

Table 5: Drinking water supply managed by the cityof Dschang( ? indicates supply located outside the
area of greater urban Dschang)

Based on rough estimates of the Banki and Aza'@eguoutput from bucket tests, the
public well output calculates to approximately 18)0iters per day per well, for a total
possible output of 192,000 liters. The managedcssuwith filtration are generally operated
for 5 hours each day, providing each access patht3y000 liters per day for a total
availability of 63,000 liters daily for the regiar greater urban Dschang. Unfiltered sources
run continuously at approximate rates of 20 lifggs minute for a maximum exploitable
output of 60,000 liters per day.

1.1.3.4 Small scale suppliers

A small number (between 6 and 12) of drinking watmurces accessible to the public are
maintained by a variety of lesser actors that itelprivate donors, households, schools, and
the national government. These include a manageagscapture system with 6 stand posts
supplying the neighborhood of Balefang, the Gen@aispring used by the local military
base and a collection of charitably donated wéllsignificant number (estimated between
50 and 60) of unmanaged and unsupervised naturafspand small brooks also furnish a
considerable proportion of Dschang’s drinking water

At the level of individual households, approximgt2|200 private wells, scattered rain
collection systems and bottled water are seledtiredled upon.

13



1.1.4 Drinking water quality

While this surfeit of available drinking water soas addresses the population’s needs in
terms of water quantity, the quality of these siggpleveals endemic contamination at levels
dangerous to public health.

1.1.4.1 Contamination indicators

The acceptability of Dschang's available water ufgy personal consumption has been
assed according to measured and interpreted coatens of microbes related to fecal
contamination. Theses microbes include bactertaetolifrom group, as well as the
Coli, EnterococcandSalmonellaspecies. The presence of these species applies to
verification of fecal contamination and identificat of specific health threats posed.
However, for the purposes of assessing relativemetality in Dschang against a uniform
standard, the total coliform group has been adogsgetie primary indicator of
contamination.

Concerning permissible levels of total coliformtsg WHO as well as the majority of
national agencies in developed countries recomrtfegidcomplete absence from drinking
water. Where this is not a practical possibility, athis case with many rural water supply
systems and much of the developing world, a maximecommended level of 10 colony
forming units (cfu) per 100 ml of drinking watershiaeen adopted.

1.1.4.2 Microbiological results

Microbiological analysis of a select group of 2pnesentative sources comprising 52
drinking water access points reveals that only 3a®within or below the maximum
acceptable level of contamination (

Figure 5). Of those sources exhibiting unacceptéels of contamination, 3% are
classifiggad by the WHO as being unsuitable for dngkourposes irregardless of treatment
options.

Examining the distribution of contamination acreapply categories and within systems
reveals a number of interesting characteristicguife 6). Treated tap water (SNEC) remains
the only single supply category to exhibit a unifcicceptability of those tested, though
rainwater and bottled water are safely assumee foee of fecal contamination. Of the
wells analyzed, public and private hand dug wédilsws consistent contamination while tube
wells show a greater tendency towards acceptabddsi€71% uncontaminated). An
assessment of the Keleng source and its gravitgystem of stand postsdnne fountains-
bf# 1 through 6) reveals the effects of a compristtibution system. In the case of the
Keleng network a pipe break can be inferred asmicgubetween fourth access pobitt4
and the terminal stand pdsitt6, explaining the extreme levels of contaminatioseslied at
this final point.

"WHO (2003). Assessing microbial quality of dringgiwater:improving approaches and methoti¢orld
Health Organization, London.
8 WHO (2003). Assessing microbial quality of dringgiwater:improving approaches and methoti¢orld
Health Organization, London.
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Water quality distribution of select sources

m3%

Fall 2008

Total Coliforms (cfu/100ml)

o 31% m0-10

o 10-100

O019%

= 100-1,000

= 1,000-10,000

m >10,0000

Acceptable

Unacceptable

Figure 5: Distribution of fecal contamination amongselect analyses from fall 2008

For those drinking water sources undergoing distidm end treatment,
Table 6 details the coliform levels of a selectdrhese sources both before and after

treatment.

Only SNEC drinking water achieves 106#oval as only SNEC employs both

physical and chemical treatment procedures. Howyéve slow sand filters currently
employed at the majority of the municipal springtcae systems function with a significant

efficiency of between 38 and 100% with an averageaval rate of 82% (

Table 6).
Net removal

Date | Supply Network Component Detail Total coliforms efficiency
16-sept SNEC Toula-raw River water 4900
16-sept SNEC Toula-treated Piped output 0 100% |
16-sept SNEC Toulepe-raw Piped input 2800
16-sept SNEC Toulepe-treated Holding reservoir 0 100% |
19-sept Tchouale Raw source Adjacent stream 5900
19-sept Tchouale Stand post bf #2 800 86%
05-oct Tchouale Source fountain | Stream bank filtration 400
05-oct Tchouale Stand post bf #3 | Final access point 250 38%
21-sept Ngui Raw source Capture overflow 4600
05-oct Ngui Settling tank Prefiltration 1400 70%
05-oct Ngui Stand post bf #1 | Initial access point 700 85%
05-oct | Atchouanzong Prefilter Turbid inflow 7900
05-oct | Atchouanzong | Stand post bf #1 | Initial access point 300 96%

| Average removal efficiency | 82%

Table 6: Treatment efficacy in terms of coliform renoval rates for a sample of public water sources
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1.1.4.3 Health risks

The observed species as well as those inferred feoat contamination include members of
the Bacteria, Protozoa, Nematode and HelminthegpgtoEach of these groups contains
numerous pathogenic species and parasites. Taisks those posing the most probable
health risk for Dschang and their associated des#adinical symptoms.

| Bacterial zoonoses

Specific germ

Disease/symptoms

Parasitic zoonoses

Salmonella

Typhoid fever, Salmonellosis

Shigella

Shigellosis, bacillary dysentery, diarrhea

Escherichia (E.) Coli

Gastroenteritis, hemorrhagic colitis, bacillary dysentery

Campylobacter

Campylobacteriosis, gastroenteritis

Protozoa

Entamoeba histolytica

Amoebic dysentery, amoebiasis

Cryptosporidium
parvum

Cryptosporidiosis, cramps, diarrhea

Giardia lambia

Giardiasis, chronic diarrhea

Nematodes/ Helminthes
(worms)

Ascarsis lumbricoides

Ascarsiosis, lung damage, intestinal symptoms

Anclyostoma duodenale

Ankylostomiasis, intestinal symptoms

Trichuris

Trichuriasis

Strongyloides

Strongyloidiasis, severe diarrhea

Table 7: Probable fecal-derived pathogens present ithe Dschang water supply and associated health
risks
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1.2 Consumption

With an average consumption rate of 1.25 litersdagrper individual, the drinking water
needs of greater urban Dschang amount to 104,895 Haily, far less then the estimate of
total usable managed output (anywhere from 500j@£¥8 daily upwards). A portion of this
excess would be expected to go towards househdkt wse not related to personal
consumption.

1.2.1 Use patterns

User consumption can be partitioned amongst theplg categories according to Table 8.

Average
Source Type contamination Number of Population %
(Total Coliform consumers
colonies/100 ml )

Unmanaged springs 1,111 31,800 38%
Treated tap water 206 23,000 23%
Managed springs 1,785 16,078 19%

Public wells 1,311 8,906 11%
Private wells 3,983 4,180 5%
Bottled / rainwater 0 2,000 2%
Untreated tap water 3,850 1,480 2%
Surface water 0 400 0.5%
Total population | 87,844 | 100% |

Table 8: Water supply distribution in Dschang(a synthesis of observations, surveys conductetidygity
of Dschang — ERA, and published matefigls

Summarizing the above table reveals the predomneditarce of the population on
unmanaged and generally polluted source water. categjories of public wells and managed
springs falling within the purview of the Dschangmicipality reveal the extensive scope
(approximately 30% of all consumption) of the cityble in supplying residents with
drinking water. Following close behind comes theond largest single actor, SNEC with
23% if total consumption, a significant but largelpdequate figure considering SNEC'’s
position as the sole provider of uniformly uncontaaed drinking water

With only 5% of the population utilizing the 2,266timated private dug wells, the single
most abundant category, the selection of publi¢srseid managed springs maintained
primarily by the city of Dschang are clearly overdiened, with each access point furnishing
drinking water to as many as 700 individuals daitypugh on average the numbers for most

°® Guemuh, G.N. (2003Ruality of domestic water supply and effectivemésome locally used treatment
methodsMasters Thesis submitted to the Department ofcifural Engineering, University of Dschang.
Katte, V., M.F. Fonteh, G.N. Guemeh (2005)fe&tiveness of home water treatment methods in &sgh
CameroonCameroon Journal of Experimental Biologyl. 1, no. 2, pp. 102-106.
Ndounla, J. (2007 aracteristiques biologiques et physico-chimiquedehu de consommation et influence
du mode d’approvisionnement sur la sante des ptipasa DschangMasters Thesis submitted to the
Department of Animal Biology, University of Dschang
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sources would be closer to the Cameroonian Minwt/ater and EnergyMinistrie d’Eau
et Energie - MEEestimate of 300 persons per access point.

1.2.1.1 Water collection

The youngest family members will typically makeol3ttrips daily, drawing water in 5 to
15 liter allotments (depending on distance andyaagrcapacity). In this way, a single child
carrying a 10 liter container is able to satisfy tirinking water needs of an entire family of 8
with a single daily trip. Where convenience perpstsumption will increase as public
water supply is used for household activities.

1.2.1.2 Water treatment

Given the extensive contamination of available watgplies and the healtisks posed, the
healthimpactsare going to be largely dependent on the methnd$eevalence of home
treatment. A limited survey conducted on 148 hbokis by the ERA-Dschang group
revealed that only 43% of reporting householdsestliheir drinking water to home based
physical or chemical treatment. Of the treatmeethmds most commonly employed (Figure
7), their weighted effectiveness amounts to a ggthaemoval rate of 92%; inadequate for
the levels of contamination observed in one hathefsources analyzed (

Figure 5).

@ Frequency of use B Treatment efficiency ‘
100 96.7 95.7
90 - 87 83.8 83.7
80 - 76.2
70 A
60 -
% 501 43
40 -
30 23
20 13
10 A 8 8 5
0 ‘ ‘ ‘
Boiling Sodium  Chloramine Ceramic Membrane Cotton filter
hypochlorite candle filter filter
(bleach)
Treatment methods

Figure 7: Effectiveness and frequency of use for hprimary home based water treatment procedures
employed by Dschang resident§

19 Data taken from: Katte, V., M.F. Fonteh, G.N. Ge#mn(2005). Effectiveness of home water treatment
methods in Dschang, Camero@ameroon Journal of Experimental Biologyl. 1, no. 2, pp. 102-106.
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1.2.2 Health impacts

1.2.2.1 Reported statistics

The health burden for the entire Dschang healthicligl’Air de Sante de Dschapdue to
water-born disease as assessed from statisticsilednyy the Dschang District Health office
amounts to an estimated one fifth of all diseas#®l@ 9). However, closer examination of
the origin of these statistics suggests the negesisadditional upwards adjustment.
Foremost, the statistics in Table 9 refer to the@ischang arrondissement, of which the
region of greater urban Dschang accounts for desitlgpugh majority, fraction. In addition,
the statistics compiled by the District Health odficome only from officially sanctioned
health centers, raising uncertainty regarding uontep treated iliness, as well as untreated

illness.
Disease/Diagnosis 0-11 Mnths 1-4 Yrs 5+ Yrs Preg. Wom. | TOTAL %
Malaria 573 2,010 6,477 268 9,328 43.2%

Bronchitis/ Pulmonary
infection

AIDS / HIV

351

498

10

938

1,138

28

87

1,815

1,237

8.4%

5.7%

Rheumatism/Arthritis

697

700

3.2%

Wounds 10 68 558 639 3.0%
Rash 55 194 382 638 3.0%
Ulcers/Gastralogy 2 556 12 570 2.6%

Arterial hyper tension

Diabetes

491

258

499

258

2.3%

1.2%

Angine/Amygdalite

39

119

163

|

0.8%

Conjunctivitis 20 30 79 130 0.6%
Ear infection 6 43 75 126 0.6%
Abscess 19 93 118 0.5%
Trauma/Wound 8 77 10 99 0.5%
Grippe 10 24 58 2 94 0.4%
Miscellaneous 80 182 751 85 1,098 5.1%
TOTAL 1,399 3,952 15,609 613 21,573 100.0%

Table 9: Summary of sickness for the Dschang Healtbistrict 2007 (Data collected by the Dschang

Health District of the Western Provincial Delegatiaf the Ministry of Public Health)
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1.2.2.2 Unreported illness

The official clinics and hospitals of urban Dschamgjuded in the above statistics number 15

and account for an average monthly combined patalt of 3,235 (Table 10). In addition
to these 15 sanctioned centers, there are 11 ernalth clinics located in the down town
district and an average of one informal clinic atle of the 20 peripherguartiers(Figure

8). Each of these clinics can be expected to severage monthly patient load of 30, plus

one major clinic (Bon Secours, Ngui) with 60 patseper month, increasing the net monthly

patient load to 4,330. The average distributiomwafer borne disease calculated from the
reporting centers can be applied to these non-tiegarenters to generate a more accurate
portrayal of the incidence of disease in Dscharabld 12).

POPULATION
AIRES DE SANTE HEALTH CENTER PATIENT LOAD (patient fraction)
CMA NKONG-NI 91+40
CSI MEBOU 35+4 26,646
BALEVENG CSI BANZA 20+19 (1.0%)
CSI ST KISITO 123141
CSI DOUMBOUO 46148
DOUMBOUO CSI AD LUCEM DOUMBOUO 4249 20,920
CSPri SAA'A 237 (0.6%)
CSPr BATSINGLA 216
FIALA FOREKE HOP DE DISTRICT 653+79
HOP AD LUCEM NGUI 188459 32,480
CSP ST VICTOR 4315 (2.8%)
Cabinet de soins Kaala 11+7
CMA FOKOUE 2148
FOKOUE CSI FOTOMENA 2514 10,198
CSI COLOMBE 4016 (0.9%)
CSI BON SECOURS 417
CSI FOMETA 64+13
FOMETA CLINIC FIANQUEP 92+35 16,723
CS| REFERENCE 2248 (1.1%)
FOMOPEA CSI FOMOPEA 26114 3,215 (0.8%)
FONAKEUKEU CSI FONAKEUKEU 51+35 6,810 (0.7%)
FONDONERA CSI FONDONERA 4317 12,223
CSI NKA 53+12 (0.8%)
FONGO-NDENG CSI FONGO-NDENG 59+15 10,019
CSIFOSSONG WENTCHENG 50+17 (1.1%)
FONTSA TOUALA CSI FONTSA TOUALA 99+21 4,827
CSI FONTSEM LESSEM 33112 (2.7%)
FOTETSA CSI FOTETSA 4414 6,780
LATCHOUET CSI LATCHOUET 2315 6,456
CSI BALEVONI 55+44 (1.2%)
LEPOH CSI LEPOH 1945 13,507
CSI KEKANG 21+4 (0.3%)
LIGANG FOTO CSI LINGANG 25+11 7675 (0.3%)
CSI MAKA 6518
MAKA CSI BANKI 24+4 13,937
CSI LIKONG 15+6 (0.7%)
CSI BAFOU CHEFFERIE 68+20
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MBENG CSI ST LAURENT 78120 26,451
CSI NTSINGBEU 3619 (0.7%)
CSI FONGO-TONGO 89420
MBOUA CS| MEGUEU 1249 16,036
CSI PASTEUR NZIFODA 2949 (0.8%)
MEKOUALE CSI MEKOUALE 28+11 11,695
CS| APOUH 28+11 (0.5%)
NDOH CMA NDOH 214474
CSICTE nd 17,625
CSI TCHOUTSI nd (1.2%)
NKEULI CSI NKEULI 24410 7,159 (0.3%)
SITEU HOPITAL ST VINCENT 19144310 20716 (9.2%)
District TOTAL 4,789+1,142 292,098 (1.6%)
Greater urban Dschang TOTAL 3,235+594 112,280 (2.9%)

Table 10: Administrative groupings within the Dschang Health District and average patient loads (+ 1
standard deviation) January to September, 2008he elevated population of greater urban Dschang
reflects the overlap of the Fometa, Fotetsa, MakathNkeuli sub-districts with the greater urbanrary)

Figure 8: Limited survey of existing health infrastucture

In addition to those patients seeking professiomadical attention, a significant number of
affected individuals seek treatment for their ilaelirectly from a network of official and
unofficial pharmacies, resulting in a significaninmber of unreported incidences of water-
borne disease. From a survey conducted on préscargales for September through
November, 2008 at the pharmacy Panka, it was foheaid40% of pharmacy customers
seeking treatment for water-borne illness are demgithout a prescription (Table 11). The
results from this survey and informal surveys aflligpharmacists have been extrapolated to
Dschang’s remaining pharmaceutical providers, geimgy a revised estimate of the monthly
water-borne disease burden
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Typhoid Amoebas/ Intestinal Total water-
lliness Fever enterobacteria fungus Diarrhea borne
Ciprofloxacine, Bactrim, Flagyl, Fungizone, Imodium
Thiobactin, Falgentyl, Fasigyne, Nysratine, (loperamide),
Drugs sold Urobacid, Entamizole, Flucazole, Actapulgite, -
Othocev Ciprozole/Tricosyn N Micozal/Phytoral Enteral
No. with doctor's
note (reported) 16 13 15 ! 51
No. without note 19 10 4 1 34
(unreported)
TOTAL 35 23 19 8 85
% unreported 54.3% 43.5% 21.1% 12.5% 40.0%

Table 11: Survey results of the pharmacy Panka witlimplication for unreported disease(collected
September — November, 2008)

Specifically, the pharmacy sector in Dschang ispased of approximately 20 businesses,
selling treatments for water-borne disease to apymrately 85 customers per month per
business for the 10 pharmacies nearest to the edrger, and 17 customers per month per
business for those 10 located further away. Cfe® pharmacies, 5 are situated in the
downtown district, where approximately 35% of cuséns are served without a doctor’'s note
(implying incidence of unreported illness). Thenening 15 businesses are situated farther
into thequartier, and here the fraction of customers arriving withe prescription is
estimated at closer to 80%. Taken together, tlaenpacies account for an estimated 653
unreported cases of water-borne disease per moabite( 12).

As a final consideration, the discrepancy betwéerpatient percentage of the population
for the total Dschang health district and the greatban Dschang sub-region can be used to
generate a lower boundary estimate for the numbentoeated illnesses occurring in the
greater urban Dschang area. Assuming that the dif8@étence in the fractions of the rural
versus urban populations reporting illness (TalBleid due to the prevalence of lower
household incomes in Dschang'’s rural outskirts 3&alpositive correction has been applied
to the population of greater urban Dschang residirtge lowest income bracket (Table 3) in
order to generate a revised, monthly water-boreeadie burden of 1,76&4, or 2.0% of the
population (Table 12).

Unreported | Unreported | Untreated | Total

Reported clinics pharmacies | estimate illness

Typhoid Fever 182 52 309 45 588

Helminthes/Parasites 532 152 208 55 1036
Amoebic Dysentery 27 8 3 38
Diarrhea/Gastroenteritis 42 12 46 4 104

Total water borne 783 223 653 107 1,766

Total all illness 3,370 960 3,290 346 7,966

Table 12: Adjusted monthly water-borne disease buren, statistic-derived

1.2.2.3 Contaminant exposure

Though the statistic-derived estimates of monthdyerborne disease reveal an affected
1.5% of the population, the health risk calculdtedn the contamination of the Dschang
water supply is estimated at a significantly higlesel, with at-risk populations accounting
for closer to ten times the number of reported sagased on the distribution of total
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coliforms across the source categories presentegjure 6, concentrations 8almonella
Cryptosporidium, E ColiEnterococciandGiardia were extrapolatéd Using a daily
consumption value of 1 liter per person and thedtiwve doses tabulated below (Table 13),
the population at risk for water-borne diseaselmestimated under various scenarios.
Table 14 describes the health risk present unaeffétrse) assumption that all water is
consumed in its original state, revealing the niglerent in the direct consumption of
available water supplies. Table 15 depicts thdtiheisk present where water is treated
according to current practices as summarized inrgid.

Infective dose (cfu per liter)

Species minimum | maximum average Disease ihfections/ cfu
ENTEROCOCCI 10,000,000 Gastroenteritis 1.00E-07 ©
GIARDIA 10 Giardiasis 1.00E-01 °
CRYPTOSPORIDIUM 1 10 6 Cryptosporidiosis 1.82E-01 °
Salmonella spp. 100 1,000,000,000 500,000,050 Salmonellosis 2.00E-09°
Salmonella typhi 10 Typhoid fever 1.00E-01"
Salmonella typhi 15 20 18 Typhoid fever 5.71E-02 °
SALMONELLA 5.24E-04
E. Coli spp. 1,000,000 100,000,000 50,500,000 Gastroenteritis 1.98E-08 °
Enterotoxigenic 100,000,000 | 10,000,000,000 | 5,050,000,000 Gastroenteritis 1.98E-10 ©
Enteropathogenic 1,000,000 infantile diarrhea 1.00E-06 °
ECOLI 3.40E-07

Table 13: Infective doses used to approximate diase incidence due to contaminatiofsources? Petridis
et al, 2002° Schmid-Hempel and Frank, 2062)S FDA, 2008}

! Concentrations of total coliforms were extrapalaieE. Coliusing a linear relationship established by
Ndounla (2007;3=0.98), while theE Coli values were used to generate the remaining speagesl on data
published in the World Health Organization’s Wafrrality Guidelines, chapter 7.
12 petridis, H., G. Kidder, A. Ogram. (2002). E. ddtL57:H7 A Potential Health Conceffact sheet SL-146
Institute of Food and Agricultural Sciences: Unaigr of Florida

Schmid-Hempel, P., S. A. Frank. (2007). Pathegss, Virulence, and Infective DosBLoS Pathogensvol.

3, issue 10, e147, pp 1372-1373

US Food and Drug Administration. (2008pod borne Pathogenic Microorganisms and Naturaxife
Handbook Center for Food Safety and Applied Nutritionyw.cfsan.fda.gov
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Daily health risk - NoO treatment Consumers at risk for infection
Daily % of Tﬁ\)\?grl ‘ Parasites Qastroenteritis/ Amoebic
Source Type Number of | .\l imers (proxied b (proxied by diarrhea (proxied | dysentery
p y
consumers at risk Salmonella | Cryptosporidium) by E. Col ar.ld (pr(.megl by
exposure) Enterococci) Giardia)
Managed springs 16,078 1.1% 9 103 46 23
Public wells 8,906 0.2% 1 11 5 2
Private wells 4,180 1.8% 4 43 19 10
Unmanaged
springs 31,800 1.3% 20 240 108 54
Untreated tap
water 1,480 4.0% 3 34 15 8
Treated tap water 23,000 0.0% 0 0 0 0
Surface water 400 3.9% 1 9 4 2
Bottled / rainwater 2,000 0.0% 0 0 0 0
Totals 87,844 0.88% 37 439 198 99
Monthly healthrisk | 23162 | 26.4% |
Table 14: Health risk from exposure to observed dnking water contamination assuming no
treatment
Daily health risk - EXisting treatment Consumers at risk for infection
Daily % of T?gt]:rl ‘ Parasites Qastroenterit?s/ Amoebic
Source Type Number of consumers | (proxied by (proxied by diarrhea (proxied dyse.ntery
consumers at risk Salmonella | Cryptosporidium) by E. Col ar.ld (prgmegl by
exposure) Enterococci) Giardia)
Managed springs 16,078 0.7% 5 62 28 14
Public wells 8,906 0.1% 1 6 3 1
Private wells 4,180 1.1% 2 26 12 6
Unmanaged
springs 31,800 0.8% 12 144 65 32
Untreated tap
water 1,480 2.4% 2 20 9 5
Treated tap water 23,000 0.0% 0 0 0 0
Surface water 400 2.3% 0 5 2 1
Bottled / rainwater 2,000 0.0% 0 0 0 0
Totals 87,844 0.53% 22 264 119 59
Monthly healthrisk | 13,948 | 15.9% |

Table 15: Disease burden from exposure to observellinking water contamination considering
current treatment practices

1.2.2.4 Linking health risk to disease burden

A comparison of the net monthly, disease spedifalth risk to the monthly observed
incidence of water-borne disease reveals discrégmiitat in turn characterize the actual
reported infection rates, while also raising thegwoility of higher estimates for untreated
illness or lower estimates for drinking water contaation. However, for the purposes of
this study and with the intent of establishingansiard health impact against which the
effects of future treatment scenarios may be coetpave articulate the discrepancy between
the exposure-derived health risk and the statistgrs/ed disease burden as corresponding to
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the probability of contracting a given water-boiiigess given exposure within the limits of
a given infective dose. Adopting this method welfthat the combined probability of
infection for those exposed to contaminated drigkirater in Dschang is 12.7% (Table 16).

Probability of infection

Disease
per exposure
Typhoid Fever 88.4%
HeImmthgs/Parasnes 11.1%
Amoebic Dysentery
Diarrhea/Gastroenteritis 2.9%
TOTAL water-borne 12.7%

Table 16: Probability of infection for Dschang resilents exposed to an infective dose of select
pathogenic organisms

1.3 Summary

Rephrasing the results of our health impact angslysierms of average risk for the entire
population of greater urban Dschang we find thatrgwne of the 87,844 residents has a 24%
probability of contracting a serious water-borngedise each year. Of particular note, the
infection rate by the more serious water borneagisef typhoid fever appears almost
directly linked exposure to contaminated water $epp Furthermore, given the prevalence
of many individuals, especially those in the lowiesbme brackets, to support mild to
moderate cases of diarrhea and dysentery witheatnrent and the difficulties in estimating
their numbers, this risk assessment could very welerestimate the true burden of water-
borne disease at Dschang.
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Part II: Public perceptions - unsafe practices

The high incidence of water-borne disease presetiitei Dschang population is in large part
due to a pervasive ignorance of the causal factdng resulting unsafe practices can be
traced primarily to a poor understanding of theyveature of drinking water quality and
existence of microscopic pathogens, and of linkveenh contaminated water/disease and
fecal contamination by humans and livestock.

2.1 Perceived “water quality”

While a majority of the Dschang population has asde treated tap water and/or affordable
home-based water treatment technologies, thehHatB88% of the approximately 30,000
individuals living within 500 meters of an SNEC soei (treated tap water) choose to drink
contaminated, unmanaged spring water and 57% adritiee population consumes their
drinking water without any home treatment whatsoeweformal surveys reveal that a
majority of the population makes some distinctietmiieen water of potable and non-potable
quality when selecting their drinking source. Hoee these distinctions are primarily based
on the type of source in question and the visusthatic of the water itself, and appear to be
largely independent of the household level of ineand education.

While it is generally accepted that surface wdieth standing and running, is not an
acceptable drinking source, sources originatingfgsoundwater are considered acceptable
and even preferable to alternatives like treatpdamater. All springs, both unmanaged and
managed are frequently consumed in their origiteies Well water is received largely in
accordance with the outside appearance of theamdllits water drawing mechanism. In this
way most private wells are considered as non-petdit the majority of pump-equipped,
public wells are considered to be of potable guatispecially with the added vote of
confidence that is provided by the involvementheit construction of third parties like the
Dschang municipality and local charities/NGOs.

Spring water is considered by many residents toflseiperior quality. These judgments
have no quantitative basis, but are rather arratdtirough qualitative consideration of the
waters’ clarity and (lack of) odor/taste. It isstireliance on color and savor as a quality
indicator that leads people to drink contaminatediens, and perhaps most importantly, leads
them to reject the treated tap water provided bfzGN

2.1.1 SNEC consumer confidence

In informal surveys of urban residents, there reenban overwhelming negative response
by the population when asked about the qualityrahdbility of SNEC treated tap water.
The SNEC distribution system consists of 81% aast pipes (the remainder is PVC plastic),
the bulk of which were installed in 1957. The afi¢he pipes combined with the oxidizing
power of the chlorination treatment leads to aitgadbserved quantity of reddish brown
suspended matter that rapidly settles out duriotppged storage. This unfortunate color,
combined with the mild chemical flavor due to thdocine residual and periodic disruptions
in service, has had a profoundly negative effedhenpublic perception of the SNEC service.
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While a majority of approximately 50,000 people estimated to live within 500m of an
SNEC water source (57% of the population), onlyo@0,(38% of the population) are
estimated to avail themselves of SNEC water. €hisnate agrees well with the findings of
a joint Dschang-ERA survey of 255 Dschang householthich found that 32.5% of
respondents reported using SNEC sources for thiekidg water needs. While this
prevalence for freely available source water mighpartially due to monetary constraints,
the direct purchase of 1,000 liters costs only &Q$0.60, €0.47) with a subscription, and
third party resale prices provide a family with dogwo days of drinking water for only 25
cfa ($0.05, €0.04).

The problem of poor perceptions regarding SNEC malt® influences those subscribing to
the service. A joint Dschang-AIMF/ERA survey of BBuseholds subscribing to the SNEC
service found that 4.8% of respondents chose tplguipeir drinking water needs with
managed and unmanaged spring water, using theiC3Nigply only for cleaning and other
household chores.

2.1.2 Understanding water treatment

Anecdotal evidence speaks of individuals strairtivegr SNEC tap water through
homemade cotton filters, and as these filters fieetere at removing the suspended matter
responsible for the water’s discoloration, anddhlerinated water already carries no health
risk, these filters gain a reputation as ameliagatontaminated water, despite a reported
effectiveness (ineffectiveness) of only 76% (Figdyeexemplifying the inadequate
comprehension by Dschang residents of what cotesitan effective treatment method.

2.1.2.1 Employing filtration-based treatments

While filtration is commonly acknowledged as areetive and occasionally necessary
treatment process, there is in information gapegands the effective “straining size” of
various filter media and the corresponding sizpaithogens responsible for water-borne
disease. Where filtration removes turbidity, iagsumed effective, though Figure 9 reveals
the discrepancy between common pores sizes of santkfilters relative to selected
pathogens, a discrepancy that only increases whrgsidering additional treatments such as
the highly porous cotton filter.
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Figure 9: Filter media pore sizes and the size ofiarobial particles (with select microorganisms
marked with numbers) »* Key: RO — reverse osmosis; NF — nano filtration;-U#tra filtration; MF —
membrane filtration; BF/CF — bag and cartridgeefdt GF - granular filtration including slow (srnabre)
and rapid (large pore) sand filters. 2 — Rotayifus Coliform bacteria; 7 €ryptosporidiumoocysts; 8 —
Giardia cysts

Furthermore, where certified filtration devices ameployed, these are primarily effective
only at removing bacteria and protozoa, leaving @mcentration of viruses unchanged. The
need to introduce an additional anti-viral chemtcahtment after filtration is largely
unacknowledged by both the residents of Dschangleos® engaged in studying water use.

Where the Dschang municipality is engaged in irgtigg sand filtration into their spring
capture systems, sand of inappropriate size hasus=zl. The effective size (ES) of a sand
filtration media is a measure calculated from gsaze analysis as the sieve size through
which 10% of the media passes (D10). Numeroudestuthve been performed on the
effectiveness of water treatment with varying se®] the ideal range has been identified as
falling between a D10 of 0.14 — 0.45mm with achi@gacoliform removal rates between
99.6 and 99.0% respectively.

The uniformity coefficient is the second measure tascharacterize the acceptability and
effectiveness of a sand media. The coefficienalsulated by taking the sieve size through
which 60% of the media passes (D60) and dividigyithe D10. The ideal range falls
between 1.7 and 2.7 with a maximum advisable auefft of three?

An examination of several sands characteristito$¢ used in the recent construction of
municipal spring capture systems reveals a predamem of unsatisfactory grain sizes
(Figure 10). Of the seven samples analyzed, hivthin the acceptable range for effective
size, but only two of the samples had an acceptatifermity coefficient, and both of these

13 Figure from WHO (2003). Assessing microbial quadif drinking water, chapter 5.

14 Ellis, K.V. (1987). Slow Sand Filtration, WEDEL Developing World Watewol. 2, pp 196-198
Muhammad, N.; Ellis, K.; Parr, J.; Smith, M.[3@6).Optimization of slow sand filtratiofiReaching the

unreached: challenges for the 21st century. 22n®@/Eonference New Delhi, India, pp.283-285

5 Ellis, K.V. (1987). Slow Sand Filtration, WEDE Developing World Watewrol. 2, pp 196-198
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Figure 10: Grain size analysis of some commonly aNable Dschang sands, displaying effective size
(D10) and uniformity coefficient (D60/D10)

2.2 Livestock and sanitation

Popular practices regarding the raising of livelstmed management of human and
household wastes reveal additional knowledge gagarding the link between poor
sanitation practices and the incidence of watendaisease. Studies performed in the
Dschang area have shown that both human and aniasé contain significant
concentrations of pathogenic organisms. This eomation works in concert with current
practices that leave water sources highly susdepttfecal contamination, compounding the
problem of water-borne disease at Dschang.

2.2.1 Pathogenic contamination of fecal waste at Ds  chang

Human and animal wastes studied at Dschang reviestation by bacterial and parasitic
zoonoses, both of which can be responsible foriatyeof water-borne disease (see Table 7).
Bacterial contamination of high prevalence andnsity has been observed in the feces of the
African dwarf goat’, one of the more common domesticated speciestyePschang
residents. In a study of 100 goats, 100% wereddarbe infected witlt. Coli, a leading

¥ Muhammad, N.; Ellis, K.; Parr, J.; Smith, M.D (B)90ptimization of slow sand filtratiorReaching the
unreached: challenges for the 21st century. 22n®@/Eonference New Delhi, India, pp.283-285

" Mbombo H. (2002). A survey of fecal microbialroof the w African dwarf goatépra reversiin
Dschang, Cameroon. Masters Thesis submitted tBépartment of Animal Biology, University of Dsclian

30



cause of gastroenteritis in humans, and 43% weragonated wittSalmonellathe species
responsible for typhoid fever (Table 17).

% D_vvarf go.a_ts Level of contamination
) reporting positive
Species n=100 Heavy | Moderate | Mild
E Coli 100 X
Eimeria - coccides 76 X
Candida albicans 51.2 X
Salmonella 43.2 X X
Mucor 33.6 X
Enterobacter 12.4 X X
Pseudomonas 10 X X
Proteus 8.8 X X
Rhizopus 2 X X

Table 17: Infection of dwarf goats in Dschang by beterial zoonosegadapted from Djeutchouang, 2002)

A study conducted in 20620n the fecal matter of domestic chickens, goags, plogs
found that zoonotic infection was prevalent acisariety of species (Table 18). Infestation
by Nematode species was predominant (57.1% tegtisigve), followed by Cestodes
(21.4%), Trematodes (14.3%) and various Protozd&4).

Groups tested (% reporting positive)

Chickens | Goats | Pigs Dogs | Humans
PARISITE n=110 n=42 n=63 n=45 n=173

Protozoa
Coccides 4,55 73.8 30.15
Trematodes
Fasciolopsis 3.17
Dicrocoelium 7.14
Cestodes
Dipylidium 6.66
Raillietina 8.18
Ymenolepis 1.81

Nematodes

Ancylostoma 11.11 | 86.67 4.46
Trichuris 6.66 8.09
Ascarsis 25.39 20 15.02

Capillaria 34.54 2.38 6.66
Strongyloides 0.9 7.14 41.26 0.57

Oesophagostomum 11.9 58.73
Toxocara 35.35
Trichostrongylus 2.72 11.9

Table 18: Zoonotic contamination of human and aniral fecal matter (adapted from Keambou, 2002)

Further analysis of the incidence of zoonotic comtetion in the feces of individual
participants, both livestock owners and non-ownengals that while pig and dog owners
were more likely to be infected by Ascarsis andaksis plus Strongyloides respectively,

18 Keambou, C. (2002)Inventaire des genres parasitaires gastrointestinaypotentiel zoonosiques des homes
et des animaux domestiques a Dschang (Ouest-CamerMasters Thesis submitted to the Department of
Animal Biology, University of Dschang.
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Anclyostoma and Trichuris bearers were infectedseréminate of whether they kept animals
(Table 19). The Keambou (2002) study also revetlatiage is not a significant risk factor,
i.e. all ages are equally susceptible to infection;that place of residence does play a role,
with residents of Valleé, Madagascar, and Fotolatthg significantly (95% confidence)
higher infestation rates. Residents of Valleé uelg exhibited significantly higher rates of
infection by Trichuris and Ascarsis than observetheir animals.

Humans tested (% reporting positive)
Chicken Goat Pig Dog No
owners | owners | owners | owners | animals
Nematodes n=39 n=24 n=29 n=53 n=83
Anclyostoma 4.16 6.89 5.67 2.4
Trichuris 4.16 6.89 9.43 8.43
Ascarsis 7.69 4.16 34.48 13.2 10.84

Table 19: Zoonotic infestation in populations acaaling to corresponding animal domestication
(adapted from Keambou, 2002)

2.2.1.1 Livestock and water contamination

This disconnect from the actual raising of anintasying pathogens and the incidence of
human infestation reveals the mobility of theseapaes in water and their ability to infect
portions of the population otherwise isolated freources of contamination by transfer
through groundwater. In this way the poor prasticEone subset of the population have the
capability of contaminating the drinking water slypgf an entire community.

Furthermore, once a human segment of the populetimriected, the possibility of
spreading contamination through private septicesystis enhanced. A survey of 251
households by the joint Dschang-ERA/AIMF study ided that 70% of respondents utilize
rustic, unlined latrines of insufficient depth. éde latrines are particularly prone to seepage
and can easily contaminate groundwater and heweé doinking water supplies.

2.2.1.2 Addressing improper waste management

An additional risk factor for the contaminationdsfnking water supplies is the poor
management of household wastes of non-fecal origihile the city of Dschang (partnered
with the AIMF and city of Nantes, France) has bergaged in a massive, ongoing
refurbishment of the trash collection system si2@@6, spontaneous illegal dumping
continues to be prevalent in many of the more dgns®pulated neighborhoods. These illicit
dumps are breeding grounds for rats, and helppiresad of various fecal-borne pathogens
that can readily enter the local water supply. 082 study of the fecal matter of rats located
both in the urban and rural zones of Dschang redeatensive contamination by parasitic
zoonoses? The pathogenic species observed include Stroitgdand Trichuris among
others, and notably higher prevalence (from 1834£8) was observed for all species in rats
taken from the urban region where the problemlefdl dumping is most problematic.

9 Djeutchouang, C. (2002)nluence de 'urbanisation sur les helminthosestgamtestinale du rat de gambie
(Cricetomys gambianlis& Ddschang dans I'Ouest-Camerodfiasters Thesis submitted to the Department of
Animal Biology, University of Dschang.

32



2.3 Impediments to sustainable management

At the heart of Dschang’s insufficient access ttaple water supplies is a local incapacity
for sustainable management of past and currentrembed water access points. While the
municipality has been actively engaged with loc&s such as the Integrated Project for
the Promotion of Auto-Development (PIPAD), commursitale organization for the
management of public infrastructure remains an witieed approach in the supply of
potable drinking supplies and prevention of watamnke disease at Dschang. Where
collective action is undertaken by community membeollaboration remains based on
informal agreements between small groups of imntediaighbors; and even in cases such
as these the long term sustainability of projeetsains uncertain.

Past efforts in the development of the water suppbtor have focused on one-time
investments in the construction of physical infrastures with little to no provision for their
long-term maintenance and management. Past foireigetment has been particularly
characterized by this omission, and even majortcactson projects fall into disrepair after
two to three years. The large number of now ddfaanstructed water points bears
testament to the endemic lack of upkeep (Figure Without the adoption of measures for
the delegation of the responsibility and provisionthe costs of maintenance, foreign
sponsored development in the public sector affdtesif any lasting change.

Figure 11: Limited survey of non-functioning waterpoints

In best case scenarios where long term fundingigians are considered, too often the
responsibility for a project’s long term upkeemledegated to third party institutions
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operating outside of the immediately affected comityu Ultimately the vagaries of
fluctuating budgets and priorities for these orgations undermine the guarantee of long
term sustainability initially envisioned.

2.4 Summary

The prevalence of parasitic infestation in humamsanimals at Dschang highlights the
risks imposed by the current, poor managementipescand the incomplete perceptions of
health and sanitation from which they derive. phactices of free-ranging livestock in even
densely populated neighborhoods, leaving watercesuwinprotected, and allowing illegally
dumped wastes to accumulate in public spaces emgeuine spread of infectious zoonoses
and their introduction into local drinking watermpglies. Furthermore, despite the pandemic
prevalence for drinking water contamination angitsven link to disease, a discouragingly
low fraction of the population appears to be emplgyadequate home-based water treatment
methods, and where public structures are in pthes,too appear to be either largely
inadequate or else doomed to a drastically shegdan for lack of community level
organization and funding towards their maintenaara upkeep.
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